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X
The purpose of this paper is to examine the theoretical rationale
underlying the growth of "footloose", import-dependent industry observed
in many of the most successful developing countries (Hong Kong, Taiwan,
S. Korea, for example). A second objective is to develop empirical
formulations appropriate for analyzing the resource allocation consequences
of a "footloose" industrial structure in a developing country. It is
argued that previous applications of input-output techniques to factor-
intensity measurement have in general ignored the implications of trade
in intermediate inputs. The "Leontief test" of the Heckscher-Ohlin trade
theory is perhaps the first and certainly the most widely adopted
application of input-output techniques to the measurement of the factor
intensity of production. The first section of this paper will attempt
to demonstrate that the procedure developed by Leontief is not strictly
appropriate in an open economy which^utilizes imported as well as
domestically supplied inputs. An alternative formulation is developed
in this paper, which when compared to the "Leontief" formulation yields
a measure of the domestic resource cost or saving resulting from the use
of imported rather than domestically produced inputs.
In section II, the formulations developed in section I are applied
to the Taiwan economy in an effort to demonstrate the resource allocation
consequences of an import-dependent, "footloose" industrial structure
typical of the island economies in East Asia which dominate the exclusive
group of superlative economic development performers. In concluding
This paper reports research undertaken in the "Sonderforschungsbereich
No. 86, Weltwirtschaft und internationale Wirtschaftsbeziehungen",with
financial support provided by the Deutsche Forschungsgemeinschaft. The
author wishes to acknowledge the helpful comments of his colleagues at
the Kiel Institut fur Weltwirtschaft, especially R. Banerji, J.B. Donges,
B, Stecher and W.G. Tyler.
W.W. Leontief, "Domestic Productions and Foreign Trade: The American
Capital Position Re-examined", Proceedings of the American Philosophical
Society, (1953) and "Factor Proportions and the Structure of American
Trade: Further Theoretical and Empirical Analysis", Review of Economics
and Statistics, Vol. XXXVIII (November 1956) p. 386-407.A92 36 8 7h
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(section III), the overall importance of linkages in the development
process is discussed in light of the results derived in section II.
It is argued that the role of linkages as "generators" of economic
activity may be less important than the resource allocation consequences
in terms of factor proportions or economies of scale.
I. FACTOR INTENSITY MEASUREMENT AND IMPORTED INPUTS
Perhaps the most important contribution of the "Leontief test"
aside from its interesting revelations about neo-classical trade theory,
was its recognition that the factor intensity of production of any given
commodity is determined not only by the factor requirements at the last
stage of production, but also by the factor requirements at each inter-
mediate stage. Applying input-output techniques, Leontief measured the
total (direct and indirect) labor required to produce one unit of
commodity j by
L. = II. r.. (1)
where £. is the direct labor-output ratio at the i stage of produc-
tion, and r.. are elements of the inverted Leontief matrix [I-A]
ij
Standard input output notation is used.
[A] = {a^}
a.. = ij where X.. is the total input of i in production of j,
j and X. is the total value of production of j.
[I-AT
1 = {r..} .
Note, the element r.. is the total (direct and indirect) output
requirement of i per unit final demand of j. &. r.. is thus the
total labor required to produce that amount of commodity i used to
produce one unit of commodity j for final demand, and 11. r.. is
i
the labor required at each and every stage in the production of
commodity j.- 3 -
Similarly,
K. - E k. r.. (2)
is the total capital required to produce one unit of j for final demand,
where k. is the capital-output ratio at the i stage of production.
If, e. is the proportionate share of the j commodity in total exports,
and n. is the proportionate share of j conmodity in total imports,
then the Heckscher-Ohlin theory is confirmed by the Leontief test, if
E [l k. r. .1 e. E [E k. r..l n.
3 Li *'




in countries relatively well endowed wittucapital (labor).
The author is unaware of any application of the Leontief test
which deviates from the above procedure. It will be argued, however,
that the above procedure is appropriate only in the case in which a
country imports strictly for final consumption. Consider a country
which imports intermediate goods; in such a case, elements of the
[i-Af matrix {r. .} do not measure the amount of domestic output
per unit of final demand. They measure instead the total "output"
2
(or input) required, which may be supplied externally or domestically.
The main interest of this paper is in deriving an appropriate measure
of factor intensity in an economy utilizing imported inputs, not in
providing an alternative test of Heckscher-Ohlin per se. Testing
Heckscher-Ohlin is, however, one of the possible applications of the
factor intensity measure formulated here.
2
What is measured is the factor intensity of the goods which go into
the production of commodity j. This is in itself interesting, but it
does not reveal the factor intensity of the domestic structure of




K = Z k. riJ
do not measure the direct and indirect labor and capital required in
the domestic economy to produce a given commodity (j). The domestic















and where M../X. (= m..) is the per unit—impart requirement of i in
the production of j. Thus,




measure the labor/required in the production of commodity j at the last
stage of production and in the production of domestically supplied inters
mediate inputs. Inter-industry transactions in imported inputs are
omitted because the demand for imported inputs does not directly affect
employment or capital investment in the domestic economy. Nevertheless,
imported inputs are not freely available to the economy, much less the
domestic producer; they can be acquired (in equilibrium) only through
the exchange of domestically produced goods and services, which in
turn involve a cost in terms of domestic resources — capital and labor,
to keep everything in neo-classical terms. The total factor cost per
unit of production is, therefore, the sum of (1) the labor and capital
employed in producing domestic inputs and at the final stage of production,
and (2) the labor and capital cost implicit in earning the foreign
exchange (exporting) with which to purchase imported inputs required
directly and indirectly in the production process.
The labor and capital cost of earning one unit of foreign
exchange (in equilibrium) is the labor and capital required to produce
one unit of exports, which in turn can be defined as the average labor
and capital requirements per unit output in each sector of the economy
weighted by the distribution of exports from each sector. The labor
and capital required at the last stage of production and in the
domestic production of inputs which go into exports is thus
L£ = J |E L s..| e. = I L, e.
and
* r -i * K.. = Z \Z k. s. . 1 e. = Z K. e.
respectively. Of course the production of exports itself requires
The analysis throughout abstracts from international capital flows.
The assumption is that the balance on good's--and services is in equilibrium;
imports can be traded only for exports — an assumption neither uncommon
nor extremely restrictive.- 6 -
imported inputs. If M. , defined as
M* = I M. s.. ,
is the total (direct and indirect) import requirement per unit output
of commodity j, then
is the direct and indirect import requirement per unit export. Thus to
* *
produce one unit of exports we need L- units of labor and Kf units of
capital at the last stage of production and for domestically produced
inputs; and we need L-. M- and Kf Mf of labor and capital, respectively,
to produce additional exports to finance the imports which were employed
in the original production of one unit of exports. In addition, we
recognize that the additional exports (required to finance the imports
used in the first round) also require imported inputs. In the first
round Mf units of imports (foreign exchange = exports) are required;
thus in the second round Mf Mf units of imported inputs are required,
r
t «*2 **2
which in turn will entail the employment of
 Lf(M.p ) labor and Kf(Mf )
capital in the production of exports with which to finance these
additional "imports. The second round of additional exports, likewise,
* 2 * requires imported inputs (Mf . M.) and consequently more exports and
hence the employment of still more labor and capital, and so on. The sum
of all labor and capital required in the production of one_uni4rof
exports (i.e., foreign exchange) is thus
# * * **o * * -a * * n
, L + Lf Mf + Lf Mf + L Mf + ... + Lf Mf
and
* ** ##2 *#•} **
Kf + Kf Mf + Kf Mf + Kf Mf + ... + Kf Mf






For any given commodity j, therefore, the factor intensity of production






































which expresses the two components of total factor cost in an open
economy: (1) employment and capital cost at the last stage of production
and producing domestic inputs; and (2) employment and capital cost implicit
in earning the foreign exchange (fraction of one unit of foreign exchange)
with which to purchase imported inputs required directly and indirectly
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Recognizing the interrelatedness of the economy, not only explicit
but also implicit relationships, points to the fact that the factor
intensity of a given production activity is dependent upon the technology
in the final stage of production, the technology in each and every sector
of the economy from which it is supplied, and in an open economy, upon
the technology which underlies the structure of foreign trade. In other
words, when an economy, like Taiwan for example, imports steel, machinery,
synthetic fibre and other relatively capital intensive intermediate
goods with foreign exchange earned by exporting transistor radios,
plastic toys, garments and the like, it is implicitly substituting the
latter labor-intensive goods for the former capital-intensive goods in
the production process. One can easily see that to evaluate the factor
intensity of the structure of production on the assumption that all inputs
are supplied domestically, can easily produce misleading conclusions in
such an economy. It may very well be, for example, that automobile
manufacturing is a relatively labor-intensive activity, if the steel for
the body, the engine, the headlights and other relatively capital intensive
inputs are imported, particularly if they are imported with foreign exchange
earned by exporting relatively labor intensive goods.
The orthodox measure of total factor intensity, as developed by
Leontief, indicates the factor intensity at the last stage of production
and of the goods which go into the production process, only when all of
the goods which go into the production process are supplied domestically
does the Leontief measure indicate the total factor intensity of the
prevailing structure of production. Comparing the Leontief measure of
total factor intensity with the one developed above reveals the net factor
cost or saving derived from the utilization of imported rather than
domestically supplied intermediate goods. For example, L. < V. and
K. > K* indicate that the importation of inputs (i.e. the implicit
substitution of exports for otherwise domestically supplied inputs)
reduces the overall capital requirement in the economy, but entails
a greater demand for labor than would be the case if all intermediate
inputs were supplied domestically. In a labor-abundant, capital-scarce LDC- 9 -
presumably such a trade-off indicates that the importation of intermediate
inputs is in accordance with neo-classical principles of comparative
advantage, though of course the resource allocation consequences of any
such trade-off can be precisely weighed and evaluated only if one has
knowledge of the shadow prices of labor and capital, from which the net
resource cost (saving) can be derived.
It should be recognized that the total factor intensity of
production in an open economy is highly sensitive to the structure of
exports. In such cases where the export pattern is drastically out of
line with comparative advantage considerations, the comparison of factor
intensities under the existing structure of production with those under
a hypothetical structure which assumes all intermediate inputs are
supplied domestically will yield little in terms of "explaining" the
existing structure, or as a guide for planning and policy. It may be,
for example, that relatively capital-intensive intermediate inputs are
imported in a given LDC with foreign exchange earned by exporting equally,
or even relatively more capital-intensive commodities. In such a case,
even though we may find K < K'and L > L^ the optimal solution would not
be the substitution of domestic inputs for imports (though it might be
an improvement), but rather a restructuring of exports toward more labor-
intensive commodities. If the relevant problem is one of deriving an
ex ante measure of comparative advantage then certainly a more general
concept of "domestic resource cost" than the one discussed above is
required.
Such as developed by M. Bruno, Interdependence, Resource Use and
Structural Change in Israel, (Jerusalem: Bank of Israel, 1963);
and elaborated in his recent article "Domestic Resource Costs and
Effective Protection: Clarification and Synthesis", Journal of
Political Economy, Vol. 80 (Jan/Feb. 1972) p. 16-33.- 10 -
II. FACTOR INTENSITY IN THE TAIWAN ECONOMY
Among the countries struggling to industrialize none has been
more successful than several east Asian island economies (Hong Kong,
Singapore, Taiwan, S. Korea); among this exclusive group perhaps Taiwan
has witnessed the most remarkable gains. The manufacturing sector in
Taiwan has grown at a compound growth rate of 18 percent per annum over
the last decade, 1961-1971, providing the engine of growth in real per
capita income of 7?»0 percent per annum over thev.samg)period. The
industrialization process of the East Asian island economies exhibits
two outstanding characteristics: (1) strong orientation toward exports;
(2) heavy reliance on imported inputs. In Taiwan, for example, 30 percent
of manufactured output xras exported in 1969, while 14 percent of the
^~^" . 2
value of manufactured output was contributed by imported inputs.
Applying the formulations developed above we attempt to demonstrate
the rationale of these key features of industrualization in Taiwan in
terms of neo-classical, factor-proportions theory.
Table I presents measures of total labor and capital requirements
per million NT$ in each of 52 sectors of the Taiwan economy given the
existing structure of production and alternatively assuming all inter-
mediate inputs were domesticaly supplied. In columns* M.^ and
'•'• t#: the difference between factor requirements under the two alternative
production structures has been calculated to reveal the capital and labor
cost or saving attributable to the importation of intermediate inputs.
Taiwan Statistical Data Book, CIECD, ExecutiveYuan, Taipei, Republic
of China, 1972.
2
According to Input Output Table for Taiwan, 1969, CIECD, Executive
Yuan, Taipei, Republic of China. The percent of value contributed by
imported inputs is calculated by
Z [l M. s. .1 q.
where q. is the proportion of the j sector in total value of
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Republic at Chin- 12 -
It is of course inappropriate to sum the factor requiremerts over all
sectors since the factor requirements of any one sector are measured in
terms of total requirements throughout the entire economy. However,
taking the average factor cost (saving), weighted by the distribution of
output over all sectors, reveals that the utilization of imported inputs
in the Taiwan economy entailed a saving of .189 man-years of employment
and an additional capital cost of WT$ 224 per pillion NT$ output. The
this
apparent paradox (of the Leontief type) which/result poses is resolved
upon closer inspection of Table I. Note, it is precisely in those
sectors which rely heavily on imported natural raw material inputs that
exhibit the paradoxical L > L', K <: K*: wheat for flour; cotton for
textilesj timber for plywoodJ hides for leather products, etc. In sectors
more dependent upon imports of processed intermediate inputs the expected
result (L < L', K > K*) is found. It is of course *eLl known that
neo-classical factor-proportions theory is unable to explain trade in
natural resources, and this fact has been used to resolve the paradox
which Leontief descovered in the United States trade as well.
Total factor requirenents per million MT$ output in each of 46
manufacturing sectors — excluding the indirect requirements in the
primary sector (1-4), construction (51) and servies (52) — under the
two alternative production structures are presented in Table II. Column 1
of Table II indicates the direct and indirect import requirement of
2
manufactured intermediate inputs. Calcutation of the implicit factor
Seija Naya, "Natural Resources, Factor M. and Factor Reversals in
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costs of imported inputs (i.e. the export equilivant) is based on
average factor requirements of manufactured exports. Comparisons of
(L, K) and (1/, K') in Table II reveal the resource (labor and capital)
cost or saving resulting from the importation of manufactured inter-
mediate inputs, assuming these inputs were imported with foreign exchange
earned by exporting strictly manufactured commodities.
Abstracting from trade in non-manufactured goods clearly resolves
the paradox we found in our previous results. On the average (weighted
by the distribution of output in the manufacturing sector) the trade off
manufactured exports for imports of manufactured intermediate inputs
saved the economy NT$ 59,893 in capital and entailed an additional labor
cost of .083 man-years per million NT$ output — as compared the
alternative of supplying all manufactured inputs domestically. Although
we would need to know the shadow prices of capital and labor to precisely
calculate the net resource cost of this trade off, it is quite apparent
that resource savings in terms of capital well out weigh resource costs
in terms of labor. In other words, import-dependent, "footloose"
industry in a developing country such as Taiwan is quite justifiable in


























where e. is the proportion share of the j sector in total export
of manufactures.
The yearly average wage in the manufacturing sector in Taiwan in
1969 was NT$ 16,000.- 15 -
III. CONCLUSION: LINKAGES AND ECONOMIC DEVELOPMENT
The conclusion that the optimal allocation of resources in a
developing country might well rule against industries with strong
backward linkages goes against much of the conventional wisdom of
development planning. In particular it is the antithesis of the
2 prommant Hirschman model of development. The Hirschman model singles
out the scarcity of decision-making as the primary constraint to
development and argues that the most important and effective means of
stimulating growth is to creat circumstances that make the advantage
of a certain course of action so obvious that even weak decision-makers
will act. The appropriate development strategy, so the argument goes,
should emphasize investments which induce further investment decisions.
The interrelatedness of the economy provides the mechanism (in fact,
the deus ex machina) through wich decisions are induced. Hirschman
described two directions in which the mechanism works — one through
backward linkages, the other through forward linkages, though the former
is recognized to be by far the stronger of the two. In terms of
input-output terminology, the appropriate strategy of development is
one which gives preference to industries for which E s.. is relatively
i "^
high. The sum Z s.. can be thought of as the total domestic income-(output)
multiplier from the expansion of one unit of commodity j and is in effect
a measure of the inducement to expand production throughout the economy
resulting from..the. decision to expand the production of a given commodity j.
For example in discussing the pro's and con's of multinational corporate
investment in developing countries it has been suggested that one of the
most serious "con's" of this type of investment is that it typically
entails few backward linkages to other sectors of the economy.
D.K. Helleiner, "Manufactured Exports from Less Developed Countries and
Multinational Firms", The Economic Journal, Vol. 83, No. 329 (March
1973) p. 21-47.
2
Albert 0. Hirschman, The Strategy of Economic Development, (New Haven:
Yale University Press, 1958).- 16 -
Having singled out decision-making ability as the binding constraint
to development, Hirschman's model ignores other considerations which may
in reality be equally important.As we have demonstrated, factor pro-
portions considerations may rule against industries with strong backward linkages
to other relatively capital intensive industries. Moreover, economies
of scale considerations might also mitigate the appropriateness of
the linkage hypothesis in a particular developing country. If, for example,
a country is small either in terms of population or domestic resources,
economies of scale considerations may recommend concentration on a
relatively few, self-contained, "footloose" industries. If we examine
the economies in which footloose industry has flourished, we find
generally small, export oriented countries in which the structure of pro-
duction conforms rather well to existing factor endowments. The fact
that these countries dominate the exclusive group of superlative economic
performers in post-war period provides some casual evidence that linkages
are not particularly important.
There is little doubt lhat the supply of entrepreneurship is a
severe constraint to development. What is at question, however, is
whether linkages provide an effecitve mechanism for generating entrepreneur-
ship, and decision-making. According to the Hirschman hypothesis, the
creation of bottlenecks induces entrepreneurs to come forward. At the
same time, we know from the experience of many underdeveloped countries,
particularly those of Latin America, that the creation of bottlenecks
has other consequences which most profoundly inhibit the supply of
entrepreneurship. Moreover, if one considers the intricate and innovative
A direct test of the linkage hypothesis a la Hirschman has recently
been published. However the results (which rejected the extreme
interpretation of the theory, but confirmed a modified interpretation)
are highly suspect on methodological grounds. See., Pan A. Yotopoulos
and Jeffrey B. Nugent, "A BalancedrGrowth Version of the Linkage
Hypothesis: A Test", The Quarterly Journal of Economics, Vol. LXXXVII,
No. 2, Clay 1973) pp. 157-71.- 17 -
ways in which people of developing countries deal with adversity (black
markets are a prime example) it is apparent that decision-making ability
is not altogether lacking. What is lacking is the incentive to apply
this ability to productive enterprise. Whether the lack of incentive is
the result of not knowing what to do because perhaps the bottlenecks
(opportunities) are not obvious enough, or the result of government policy
and the consequences of government policy which inhibit the market
mechanism from transmitting the appropriate incentives is an open
question which demands more attention than it has yet received. Certainly
the mere existence of linkages is insufficient to ensure that inducements
will indeed be generated. To speak of a certain amount of decision-making
(output or employment)being "generated" throughout the economy via backward
linkages implicitly assumes that demand creates its own supply. Such
an assumption for developing countries at this point in history is
at least as naive as the reverse assumption was for industrial-eoxmttres
in earlier times (pre Keynes). To conclude, one can find little a priori
reason to favor linkage considerations a la—ftrrschman over factor
proportions or economies of scale considerations in designing the
appropriate industrialization strategy for a developing country.- 18 -
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